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1. Highlights

[Mini_BooNE beamline| SciBar_

Decay region

100 m

Combine well developed detector
with well understood running beam

— Short timescales and modest cost

Precise knowledge of Os necessary
for T2K and other experiments
— Non quasi-elastic v interactions

MiniBooNE near detector.
— Confirmation, redundancy for BNB vs

Flux (normalized by area)

Antineutrinos L 5
— Currently unexplored physics territory. Ev (GeV) 2
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2. Introduction
* Neutrino Oscillations (1998-2005)

Neutrino masses (Am,,?, Am,?)
Mixing Angles (0,,, 6,;)
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Discover the last oscillation channel
- 0y, .
CP violation in the lepton sector (v,v)

- 0
Mass hierarchy
— The sign of Am,;*
Test of the standard v oscillation scenario (Uys)
— Precise measurements of v oscillations (xAm,., 0,;)



Strategy of accelerator v oscillation experiments.

. Gigantic detector
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Impact of Neutrino Cross sections on
oscillation measurements

| ALLCHAN 1223.

® v,V precision measurements (6,; :E"mo ~ T2K
and Am,;?) S| vu events
— Signal: CC-QE (v+n—u+p)  § : w/ osct.
e Energy Reconstruction from u kinematics @40—

— Background: Mainly CC-1o*— 25| 0 ¢

(V+N—u+7+N’) e T
. . o ey oye 0 0.5 1 1.5 2
e Cross section with the visibility of 7 EV (GeV)

* v,~ vV, search for 0,;
— Signal: CC-QE (v+n—¢e+p)
— Background
* Beam v,
e NCn!

— Cross section as a functionmofthe

: TK
EiCtJ Jﬂr ve events




Unexplored Areas of Neutrino Physics

o, in this E range of interest:

oee/E, (107°° cm®/GeV)

O CCFRR

B BNL 7—feet
O ANL 12—feet
® ANL 12—feet

» Data from old experiments
(1970~1980)

» Low statistics

« Systematic Uncertainties
* Nuclear effects

3 ereeeeme o{DIS) (mt/p/n absorption/scattering,

7 B— shadowing, low Q2 region)
* Not well-modeled

1.00—
0.75—

0.80 —

Tatal CC

0.0o0
0.1

 New data from MiniBooNE
& K2K revealing surprises

MINOS, NuMI
K2K, NOVA  More data at 1GeV with fine

MiniBooNE, T2K, SciBooNE grained resolution will
advance Neutrino Physics.

P>
Super-K atmospheric v
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K2K results on the neutrino cross sections.

e Measurement of NC-1xt° cross section (1KT).
— PL B619(2005)255-263
e Limit on CC-coherent 7t cross section (SciBar).
— Accepted by PRL, hep-ex/0506008
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MiniBooNE results on the neutrino cross sections.

e Measurement of CC-1m=* cross section.
— Fermilab Wine&Cheese, Oct. 71, 2005

e Measurement of NC-170 cross section
— Ph.D. thesis, J.L.. Raaf
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More results are expected from both

NC-coherent ¥

HARP results
w/ K2K and MiniBooNE collaborators

K2K and MimmiBooNE
CC-QE Ma
— Cross Section and Axial Mass (M) : =
M ,=1.18+0.0320.12 (K2K-SciFi preliminary) - —
8 —-+|
CC-1m* —L =
— Cross Section and M, ™ Tl =
CC-1n? .
o5 MiniBooNE CC-QE
Beam v, flux : e
" PRELIMINARY

Fraction or cvenis/ U.1 kev
=)
=
9]

o
=
\

0.05-

— Al with 12.9 GeV (accepted by NuclPhycg_B)

— Be with 8 GeV (will be soon)

Coming soon!

.....
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What’s missing from K2K and MiniBooNE
Cross Section Measurements?

e Good Q2 resolution to understand B
nuclear effects Needed to
— Need true nuclear models in MCs tune neutrino
* Resonant/coherent separation for BG > cross section
measurements Monte Carlos
e Multiparticle final states U

e Antineutrino Measurements

e Absolute 0 measurements for non-QE
channels

All these needed for next generation
oscillation measurements

13



3. SciBooNE Experiment

A fine-segmented tracking detector with an intense low
energy neutrino beam.

e SciBar Detector
— Well-working detector (2003.9- at K2K)

K2K Fine-Grained Detector (Side View)
Run 5003 Spill 36532 TRGM 1 .
SBEv 11289 200310 8 133 | §

— Fine granularity (2.5x1.3cm?) and Fully-Active =~ . /,e*?;,w-‘:-' :

— PID capability 0| e
 FNAL-BNB ,L\ \‘ﬁ. |

— An intense and low energy (~1GeV) beam. Q_&

e <1 year data taking is sufficient.
— Both neutrinos and anti-neutrinos.

— The beam is well-understood from hadron production experiments
(HARP/BNL-E910).

An ideal marriage of the detector and the beam for
a precision neutrino interaction experiment.
(A new experimental team from K2K and MiniBooNE)

14




SciBooNE Overview

* Propose 2E20 POT run
— 0.5E20 POT neutrino mode
— 1.5E20 POT antineutrino mode
— Not asking for concurrent running with MiniBooNE

* Propose construction of detector hall

e Director’s Review October, 2005

— Concentrated on physics case

— Answers to questions from Review will be shown
throughout talk

15



Fermilab Accelerator Complex and BNB
(Booster Neutrino Beam)
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FNAL BNB (2E20 protons for SciBooNE)

Relative neutrino fluxes

Beam Simulation
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v events/100MeV

Ideal Detector LLocation
Expected v, flux x o spectra

At z=100m

— z=100m, on-axis
— z=100m, y=300cm|

................

Several detector
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Detector Components

e SciBar Detector
— From KEK, Japan

— From KEK, Japan

— European collaborators have
responsibility.

"""""""
_.,‘,5 & SV SN

~ Will be built at FNAL from Q@SS
the parts of an old
experiment (FNAL-E605).

— The materials exist (except
light guides) and detailed
design 1s underway at
FNAL.

New engineering drawings since Review
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SciBar Detector

« Extruded scintillators with WLS HNH
\

fiber readout Extruded
 The scintillators are the neutrino  scintillator
target (15t)

¢ 2.5x1.3x300 cm? cell i
. o~ Il
ey Mullanods
etect short tracks ( PMT(64Ch)
« Distinguish a proton from a pion by R

H L BN YrH

dE/dx i ;
A

. g

L

i) Ha

R

1=

 Total 15 tons
=>High track finding efficiency (>99%)

=» Clear identification of v interaction
process

e
Wave- length
shifting fiber

Constructed in summer 2003
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SciBar Components

Frontend board
Light injection ~ =1ear fiber
module Gdch

MAFRT

64 charge info.
2 timing info.

VME board

Top View

I O
I
AEEEEEEN

Extruded cookie
scintillator \ OO0
OO0
o Cetector structure %%E%%
Extruded Scintillator (1.3 X2.5X300cm3) EEEEEEEE

* made by FNAL (same as MINOS) - 11520008 ] 3% ek @1.5mm®)
Wave length shifting fiber (1.5mm®) mm? pixel (3% cross talk @1.5mm )

. - Gain Uniformity (20% RMS)
- Long attenuation length (~350cm) . : Lo 5
> Light Yield : 18.9p.e /em/MIP Good linearity (~200p.e. @6X10°)

Readout electronics with VA/TA
 ADC for all 14,400 channels 21
« TDC for 450 sets (32 channels-OR)

— 1 WLS fiber
(364

Holder




e’ >
IR0

e ®e
e g e g ooy

“spaghett1” calorimeter
re-used from CHORUS

Imm diameter fibers in the
grooves of lead foils % |

dx4cm? cell read out

from both ends
2 planes  (11X))

Horizontal: 30 modules
Vertical : 32 modules

Expected resolution 14%y/ E
Linearity: better than 10%



MRD

 Major Components

— Have at Fermilab already:
 [ron plates
— 17,27 plates available
e Scintillators
— Very good condition
e PMTs
e Electronics
e Cables
* Power supplies
— Need to be fabricated

e Light guides
 Improved design and inventory
since Review
— Thank you Mechanical Dept!

1500 |- 1 1500 |

1000 || - 1000

500 500

I o LBt MRD Acceptance: Final z positipn
R AU AV, and momentum of stopping us

Final z position Muon m::l-ment|.Jr$1Ge‘\"’"'f'c}I



Event Display (K2K- Data)

K2K Fine-Grained Detector (Side View)

i Dacl [ jaop f K2K Fine-Grained Detector (Side View) H B G oo

b | N B % E e
Ll : - 3trackevent” | :
— i +p+m) .
- CCAmlurptm) | CCQE candidate
_ - candidate ; % ;
CCQE candidate | == $ i o | e §
+ - | S HEH | e L |
('V n%M p) ' il % %: eIeCt\:i“.l oy

H -

Large energy deposit
in Electron Catcher

e The neutrino events are well observed with
fine resolution

— Good final state particle
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4. Physics of SciBooNE

Neutrino run (0.5x10%° POT)

4 # of interactions N

in 10 ton Fiducial Volume
v, ~78,000
K 'VeN 700 /

cf. K2K-SciBar (0.2x10%0 POT) : ~25,000 v,

The following studies use K2K’s well developed MC and
analysis tools, and MiniBooNE’s well developed beam
MC.

25



Neutrino Run

— NC n” measurement

— Search for CC coherent
— Search for NC coherent 7t =
— Search for radiative Delta decay (v+N— M+N +y)
— Intrinsic v, flux for BNB (v,—v, appearance search) Q”o%

a

— Unoscillated ®, xo for BNB (v,—v, disappearance search)z,,

L+ K2K

@ Comparison of v, flux spectra
c _at K2K, T2K and BooNE
* Measurements 2|

— CC-1m cross section e | T2K

— CCQE 0,M, measurement e |
S | SciBooNE
5 L
x ‘
=
L

Study v interactions to improve MC modeling of low E
vs for precision physics 26



CC Event Selection with MRD matching

2000

0
Expected direction
assuming CCQE 400
200
0
CC-QE
CC‘1J’|§ 400
CC-coh.n
CC-multixc 200
0

0 3

1 track Pu (GeVie)

i Pu !

i N —:na.:i.n;
0 2

2 track QEH (GeVie)

I LI B | LI B | IPI L |

S0 I R o
0 1 2

2track n I':JJ(GEWC)

3

1000

500

200 T

100

200

T T A T
Rl 5
I S .
1 oertosetolil-I

0 20 40 60 80
1 lrackej'l (degree)
Ou,

0 20 40 60 80
2 track t:lel‘é'l (degree)
T 1 1 ! T T T ! 1 1 1 ! T 1 1 ! T |
Ou
v T L1l | |_

0 20 40 60 80
2 track ngl':l (degree)

1 track

~13,500 events
QE~67%

2 track QE

~1,970 events
QE~76%

2 track non-QE

~2,360 events
CC-17~49%
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CC-1xtr measurement

* Non-QE events: dominant background for v,

disappearance .
— At BNB energies, non-QE BG dominated by CClm* "*.‘wd_,fp
— T2K needs uncertainty of nonQE/QE to ~5% .. U

v, disappearance 6(sin? 26) 3(Am?)
measurement error L L

(90%CL)
— stat. only
— 5(nQE/QE)= 5%
S 6(nQE/QE)=20% 10 -2:

10

2 20 error

sin

CC-1x* signature: .

=i 1 IIIIBIHI - 3
2 MIP-like tracks A2 0% V) A (410 6V2)

Vertex activity cuts:

sepfarate V+P9”'+p“1 Statistics and systematics
rom v+n2una’  gyfficient for ~5% measurement



NC-11 measurement

* Dominant background to v, appearance in any
experiment
— Overlapping rings, or back-to-back decay
— T2K needs NC1x’ cross section to be known to 10% level

2-ring merged to 1-ring

in Cherenkov detector g - stat. only
e 5 - 3BG=10%
o - 3BG=20%
- C
Y .“ L ’ I i g
n ‘I "./*"& ™M
- e 1072
JT - n " N
b L - ¢ =
T % > 2 tracks visible in ”
Q

SciBar evt display S
1 2 3 4 5
200~700MeV/c n°s Exposure /(22.5kt x%r)



NC-1m® measurement (cont’d)

0.3

0.2

0.1

1 1.5 2 2.5 3 3.5 4 4.5 5

Ev (GeV)

SciBOoONE expects
to make a
10% measurement

Measurement at energy that is crucial for T2K NC1xn® BGs

30



BNB Intrinsic v, Measurement

f'—:l' K2K Fine-Grained Detector (Top View)
K2K Fine-Grained Detector (Side View) L
M " Run 5003 Spill 36532 TRGID 1
Run 5009 Spill 47926 TRGID 1 SBEv 11289 200310: 8 133 1 0
SBEv 39578 200310 8 82017 0 hwtx 0
Nt
! g
§ - f
g .' o
o
' @
o i
0an O
v 58 NCr
1

e Electron catcher provides good electromagnetic ID and
energy resolution
— Can use dE/dx in SciBar as well
e Expect to directly measure v, flux to 10-20% in v mode
— Assuming current efficiency/purity

31



Anti-neutrino run (1.5x10%° POT)

" # of interactions in FV )
Vi ~40,000
L v, ~22,000 P

cf. K2ZK-SciBar No data!

Again, well-developed analysis and MC software are
used for these studies, and MiniBooNE’s well-developed

neutrino beam MC.
32



v Measurements

— CCQE measurement.

e Negligible BG from v.
* Energy Dependence of 6 and M,

— CC-1m cross section with M ,.

— NC ¥ measurement
e Also v+p—v+p+m exclusive final-state search

— Search for CC coherent 7t

Reversible current horn

— Search for NC coherent wt¥

— Search for radiative Delta decay
(VAN—=u+N’+y)

— Hyperon production in anti-v mode

Events

— Energy dependence of v contamination
of BNB anti-v mode.

0
0

Study v interactions to improve MC modeling of
low E vs for precision physics

- I ’f‘éﬂ o
[ 1250505508255
e e e

2
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Identitying CC Events (w/MRD)

w/ vertex activity cut

1500

u

. Observed 1000

>
. second
. 500
i AH track
“Up 0
Expected direction
assuming CCQE 125
100
75
50
25
CC-1n
CC-coh. & 250
CC-multixr 200
150
100
50
0

0 3
1 track P (Gevie)
Pu
g 1 I L 1 | 1 1 1 1
0 1 2 3
2 track oEM (G€V/C)
Pu
g PR T TR [ O T
0 1 2 3
21track n I':J'l (GeVic)

2000
1500 Ou
- RS
1000 | ]
| B
500 3
< <
0 Lmasde R R
20 40 60 80
1 Ira-::lﬁe!'l (degree)
150 r
100 | o
50 |
D [ | [ | [ Ll | L
20 40 60 80

300 r
200 |

100 |

2 track Qeél (degree)

20 40

2 track n8

60

80

K (degree)

1 track
~9,300 events

QE~80%
v, BG=7%

2 track QE

~910 events
v, BG~80%

2 track non-QE

~1,700 events
v, BG~56%
CC-17~21%

CC-coh’%~15%



Antineutrino CCQE measurement

V+p2 n+yu*, BBA-2003 Form Factors, m,=1.00

Physics motivation o | T
 Important for T2K phase-l| T (/T{"“J'" """""""
« CP violation search _d(f?'*ﬂ f l ]]]]] i —
* Free proton scattering: / BN i
check of nuclear model 2
CC-QE:v,+p2>u*+n @ Detected as a 1-track\
/ uw(p,.0,) event in SciBar
v r * Excellent v energy,
3 n 9 Q2 resolution y

« Expect ~9,000 CCQE events after cuts, 80% purity
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BNB Wrong Sign Backgrounds

2track QE

LR
iR T

R

20 |
0

1track
= CC-QE
CC-coh.m
B2 CC-multim
1 NC

9 CC-rn

g ]
[T 5052505
o e
it ey
T A o S SN
TRt ot oo e o St
e
; o S S WSS Y
TR o o S S ST
RERATS S OO LR PP SOOI IO OO e s
R e
E— T e S
"n

3

2
rec. Ev (GeV)

e MB: ~15% uncertainty on WS BG in 4 bins (0-1.5 GeV)

3

2
rec. Ev (GeV)

e SB: ~7.5% stat. err. in 2 track sample in 4 bins (0-1.5 GeV)

36



MiniBooNE v_s  "e

11%

38
7 4%

Intrinsic

Radiative A Decay

e A — Ny is a background for v_,v,
appearance (NOVA too!)

— BR: 15% uncertainty
— Never measured in v production
* Event signature "

— NC: recoil proton and detached photon track

Ve

— CC: muon and recoil proton with shared
vertex and photon with detached vertex soe v g 15 1

— Each case: photon and proton tracks should

be consistent with decay of A mass particle #
n¥s provide calibration sample for photon s
tracks ' o
) _ R -q-'..,
 Expect ~ 45 events after cuts in total run P———

(v and v mode)

e Would be first observation of neutrino
induced A radiative decay

— Very powerful detector!



e Anti-v run Nﬂ Measuremenls
d_— CCQE measurement. > ]ntlv E)(i sl

* Negligible BG trom v. c“rre
<NCE-ITE Cross section W?[%

* Energy Dependence of o and M,
run in v mode

e Also v+p—v+p+n? exclusive final-state searc

— Search for CC coherent in 2006
¢ — Search for NC coherent i >
— Search for radiative Delta decay SciBooNE’s
(V+N—u (V)"'N""Y) final state resolution

capability enhances
O physics reach

10N 1n anti-v mode

— v contamination for BNB a
measurements.
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S. Logistics
e Schedule

— Disassemble detector: Jan 2006
— Ship detector: Feb/Mar, 2006 (depends on money)

— Civil construction: Jan-September, 2006
e Schedule from FESS report
e Bid: Jan-May, 2006

e Construction June-September, 2006 ~
— Reassemble detector: March-June, 2006
— Installation : September 2006 All
> Done

— Commissioning: September/October, 2006

— Beam data: October, 2006 Betore

—/

Need prompt approval to enact aggressive schedule

39



Costs $140,000 —

$120,000 +
$100,000
Civil Construction $80,000 | :
O Series
— $648,576 $60,000
. $40,000 |- rl
— “bottoms up” estimate completed. $20.000 | — N
— Anticipated Contract Price $381,41] o [1 [
— Contingency = 20%
PPD Impact
— M&S

e $60,200 (all departments)
* $20-50,000 for optical fibers/cookit

— Personnel: ~3 FTE (normalized to one year)

AD Impact - power bill
— $220,000 incremental cost increase (Booster for 8 GeV line)
— $67,000 power downstream of Booster (8 GeV line/target)

CD Impact
— PREP (electronics pool) equipment Thanks to Steve Dixon
— Modest computing resources needed And Tom Lackowski. FESS
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Cost Considerations

Beam 1s already built and commissioned! O

Cost of SciBar ~ $3M

Cost of Electron Catcher ~ $1M llerez;?
Cost of shipping ~ $50k

University groups will contribute significant

funds and personnel _

Cost of civil construction $650k
Cost of running BNB for 1 year ~$300k
Cost of FNAL M&S <$100k

Small additional investment
for a lot of physics output! 41



100 m

Combine well developed detector with well
understood running beam

— Short timescales and modest cost
Precise knowledge of os necessary for T2K
and other experiments

— Non quasi-elastic v interactions
MiniBooNE near detector.

— Confirmation, redundancy for BNB vs
Antineutrinos

— Currently unexplored physics territory.

Flux (normalized by area)

SciBooNE

——————

—————




Conclusions

SciBar is a working detector with excellent capabilities
The BNB is a well-understood running v beam

Can contribute to near-term neutrino program at FNAL
— Complementary to MINERVA
— Bring more neutrino physicists to FNAL

Many recent surprises in v interactions at ~1 GeV

— Nuclear targets have unpredicted effects on neutrino event kinematics

— Ciross sections (and therefore event rates) differ from predictions

» Different rates of signal and BG events
— Flavor BGs and v-interaction BGs

What other surprises await?

We ask the PAC to approve our proposal to build a detector
enclosure, and our 2E20 POT run
— Prompt approval needed to secure funding for university groups and
U.S./Japan Research Fund
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Backup
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Thoughts on v, Signal and BG os

Oscillation expts use CCQE events on nuclear targets for
signal

— Nuclear targeta provide more interactions, better statistics

— Simple kinematics = good energy reconstruction

v, Appearance
— Need to distinguish e from w in detector

— BG = processes that fake v, oscillation signals (flavor BG)

e Intrinsic ve
e NCrO
e NCA decay

— Affect counting experiment
v,, Disappearance

— Need to distinguish CCQE from other CC processes
— BG = processes that fake QE signal (v-interaction BG)
e CCln+

— Affect energy fitting experiment (poor energy resolution)

Note: CCQE BG processes also affect ve searches! 45



Past Cross Section Uncertainty Table

Type |Cross Sec. |E<I GeV |E>I GeV |Role

vy CCQE >15-20% 15-20% | v,(v,) signal
v, CClmt(res) |~25% ~25% v, (v.) BG(E)
v, CClmt(coh) |100% ~30% v, (v.) BG(E)
v, NCln'(res) |~30% ~30% v. BG(#,E)
v, NCl1n%coh) |No data! |~30% v. BG(#,E)
VM CCQE No data! |15-20% VM (v.) signal
v, CClm(res) |Nodata! |~25-30% |v,(v.) BG(E)
v, CClm(coh) |Nodata! |Nodata! |v,(v,) BG(E)
v, NCI1n res) |[No data! |25% v. BG (#,E)
Y, NC1n%coh) |No data! |30% v. BG (#E)

=




Current Cross Section Uncertainty Table

Type |Cross Sec. |E<I GeV |E>I GeV |Role

v, CCQE ~10%(MB) | ~15%(2) Jv (v,) signal
vy, CClmt(res) |~15%(MB) |~25% v, (ve) BG(E)
v, CClmt*(coh) |[~50%(MB) |~B%E2E )y (v,) BG(E)
v, NCl1nl(res) |~20%(MB) |~20%EK2K) v BG(#,E)
v, NC1n(coh) |~50%(MB) |~30% v. BG(#,E)
VM CCQE No data! |15-20% VM (v.) signal
v, CClm(res) |Nodata! |~25-30% |v,(v.) BG(E)
v, CClm(coh) |Nodata! |Nodata! |v,(v,) BG(E)
v, NCI1n res) |[No data! |25% v. BG (#,E)
v NC1n(coh) |No data! |30% v. BG (#,E)

=




Future Cross Section Uncertainty Table

Type |Cross Sec. |E<I GeV E>1 GeV |Role

v, CCQE 5% inerva) VM(VG) signal
v, CClmt(res) 5% v, (v.) BG(E)
v, CClmt(coh) 5% v, (v.) BG(E)
v, |NCla‘(res) 10% v. BG(#,E)
v, |NClxa’(coh) 20% v. BG(#,E)
Vu CCQE ? v, (v,) signal
vy, CClm(res) 9 v, (v.) BG(E)
v, CClm(coh) ) v, (v.) BG(E)
v, |NCla‘(res) ? v. BG (#,E)
v, |NClx’coh) ? v |v.BG#E)




NuMI Off-Axis Locations

S ———J:—.
': t" =ﬂ: .

— e W,
/I /, Near Hall

x\ ~ Absorber |

e Several locations available for (small) detector
installation in NuMI off axis tunnel

e We studied fluxes at two such locations:
— 2A - 16 mrad off axis
— 3A - 19 mrad off-axis

e Thanks:

— Mark Messier for locations in beam coordinate system

— Debbie Harris, from whose slides we got this figure
49
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NuMI Off—Ams Study

“r-decay )

- - -:E - Uefeclor Locabons
=
= Sita Za (16 mrad)
wi :
lsf= - s | Sita 3a (19 mrad)
h " ) = = = [jubdl Surface (76 mrad)
e - ] %, | = WiniocE (111 mrad)
- — - '- —
L]
- ] "5 A
q
L] [ '.-
E s
:_ tll e E '_-.; IIIIII _:
- .. -, v
1 -I e --' . o sy
- o oy i
] =] An A,
- e Y il L Ty -
| "= NPT PR P P P PP PP it RN S ET T o s e o m e e e o e |
{i 5 IF 1% X 25 i a5 i 15 5D 1 1 Wp 15 Jl 15 5
Parent = Energy (Ge'f) Farant n Energy (GeWV)

e Use “Off-Axis Formula” for  decay 1n flight

e E reak =88 GeV (16mrad), ~7.5 GeV(19 mrad)
E peak = ~1.85 GeV (16mrad), ~1.55 GeV(19mrad)

* Compare to MiniBooNE and MINOS surface hall



NuMI Oft-Axis Fluxes

* gnumi neutrino beam
Monte Carlo

* Flux prediction for two

off-axis locations
— Pion decays in flight

e Unsuitable for our
physics goals
— Peak energy too high

— Significant HE tail makes
formidabel BGs for NC
events

oT
2
ha

w/cm®/P

0.1

0.08

0.06

0.04

0.02 |-

Necessary
Flux Peak

(600 MGV — 16 mrad off axis

+ 19 mrad off axis

w.Energy (GeV)
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NuMI Off-Axis Events

_ec_eSSﬁT_SP"—#HI::. frm, 10, 20m Q4 —Axis, fixed £, LE+
sooo govent Peak — —+

=+

000 700 MeV) .-+

6000 . -
5000 S from
4000 L L. MINERVA

3000 fae +

i proposal
.--\.L-II:JG 3 |'.—~ - "-__ o LR ]
i i o e T
1000 i~ T ST LY

& 7 8 ! 1G
numuCC, L= 1036 .m, 253220 POT

e Event Distributions at various off axis locations in NuMI
— On-axis, 5 mrad, 10 mrad, 20 mrad

e Confirms previous plot: NuMI off-axis locations
are not suited to SCciBooNE physics goals

e Availability of SciBar is dependent on utility for T2K

—
] v
Rl

I""| |..-;-|I 1 I |. P il Bl A | ILIJI P ..I.I-I..J.I. I.J.I.I |--| L.-|.-| 1 r'
4 2
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MiniBooNE CCQE o on CH,

N\
Momentum Transfer g T Muon Angle TN
T .
[ |Monte Carlo g 3
e Data "-‘1_-7\0'14 | ]|Monte Carlo _:
PRELIMINARY Z0.12 ° Data -
Monte Carlo error bars from: 0.1 PRELIMINARY FL:_

neutrino G,

light extinction, neutrino G,

. . light extinction,
& light scattering length

Fraction ot t

& light scattering length

o
e}
=

uncertainties uncertainties

Fraction ch> Events /
o
[e70]

<
)
E

B Monte Carlo error bars from:

\‘II\\|I\\I|\\II‘\&II|\\II‘\I

0.05 . o
0'02 . F.;—.‘f.*
B FOA-.J—.*.¢ o i
- B PETEY B s b B
0 .i.'L.io+o+o+.+.+-+|+.+o+o+|+o+o+o+r 0'7'|*?+\'JF'|$7*\ T ! .|| Lol b b b il by
0 L1 \O\S\ L1 { L\ \1|S| L |2\ L1 |2|S| L \% -1 08 06 -04 02 -0 02 04 /o6 038 1
- N 62(GeV2j Reconstructed cos(6) after CCQE Cuts

eDeficit of events at low Q2
*Corresponds to forward angle muons
(good angular resolution)

eIndicates some new physics? >



MiniBooNE CCQE o on CH,

[a—

= cr T - Momentum TranSfer 7 g :I I B O B Muon An Ie I I O I B A |:
(0]

5025 — 30161 I
; B [ |Monte Carlo 7 S - 1
5 | | gour .
Q@ 0aL e Data . - - | ]|Monte Carlo 3
c U | - B e Data 5
§ L PRELIMINARY 1  Z0.12F 5
i (7} L i
E * Monte Carlo error bars from: 4 r= 010 PRELIMINARY 4
g 0.15 B | neutrino o. - E - Monte Carlo error bars from: o 1
8 i - light extinction, | 0 0.08 - neutrino G, B —
g N & lieht scatterine lensth i - - light extinction, i
T 0-1__ - 1L scatiering fehg ] g 0.06— & light scattering length ] ]
= uncertainties . . B uncertainties F.:H ]
: . : LIh- 004 __ k.:.ﬂ __
0.05— o — N ™ i
= @ 7 - = 3= % -
- re . 0.02- ro- ]
i F._:-.—uﬂ . i L .Jr.er-o_f'*_.-:—._r.Jr.4 T :
0— 010 a1010 00 010 0 0000 000 0 L e kil AN TR I N SN R R R

d L1 \O\S\ N L \1|S| L1 2\ L1 |2|S| L1 % -1 -08 -06 -04 02 -0 O. 04 06 0.8
- N 62(GeV2j Reconstructed cos(6) after CCQE Cuts

eShape at higher Q? disagrees
*Corresponds to large angle muons
(good angular resolution)

Indicates higher M , ? o



MiniBooNE CClnx* o on CH2

—
N£ _09 T T | T | L | T T | T TT | T T T T T T T T T I—_
o - - .
20.08F * Data w/ statistical errors =
E - [ Dataw/ systematic errors .
0.07F NUANGE predicted AI_'_,_'__;
- —— NEUGEN predicted o N
0.06[ —
© PRELIMINARY 5. .
0.051 — -
5 Siat ]
0.041 s .
0.03[- e =
0.02[- =
001} — =
OF L] 1 | L e iﬁ 1 | | 1 | | 1 1 1 | L1 | | L1l | 11 1 | 1 1 | | 11 1 .
0O 02 04 06 08 L 12 14 16 18 2
E, (GeV)

1.4

0.8

0.6

0.4

PRELIMINARY

mmye

Ratio w/ Systematic Error

IIT]III’I’
IIIIIII|I

Ratio w/ Statistical Error

I:I NUANCE &__,.. Systematic Error

Ill1|||"||||l1|||ll

2 04 06

|QIII

0.8 L 1.2 14 16 18
Data / NUANCE c vs. E, (GeV)

e systematic errors due to v cross sections (~15%),

* photon atten. and scatt. lengths in o1l (~20%),

e energy scale (~10%)

e MiniBooNE result lower than NUANCE prediction
e More consistent with ANL result than BNL result
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MiniBooNE CClnx* o on CH2

7~ CC Single Pion Production
Né)_og T 1 | T | T | T T T | T | T T 1 T T T T 177 T T g
o ] aT
o [ . ] &
L ! N 1.4 L )
20.08f - Datawistansticalermors - O a ANL, Barish, Phys. Rev. D18, 2521 (1978), H,, D,
2 a |:’ Data w/ systematic errors - $ ¥ ANL, Radecky, Phys. Rev. D25, 1161 (1882), H,, [y
~ .07 NUANCE predicted o . O 19 O BNL, Kitogoki, Phys, Rev, D34, 2554 (1986), D,
- NEUGEN bredicted . A @ ANL, Campbell, Phys. Rev, Lett. 30, 335 {1973}, H,
L predicted o ] —
0.06F- 1 =
£ PRELIMINARY Py ;= g
0.05[ - ; T
-  : - - ~
_ v ] 0.8
0.04[ —i - T |
003 :'_ B _: :}g 0' 5 .........................................................
E —.— E o
0.02F - 0.4
OO[;— | . _f 0.2 NUANCE {free nucleon)
» . ) ¥ with 25% uncertainty
OD RS NN NS NN NS NN NN .
0O 02 04 06 08 1 1.2 14 16 18 2 0 i |
Qo 0.5 1 1.5 Z 2.5 3
E, (GeV) £, (GeV)

e systematic errors due to v cross sections (~15%),

e photon atten. and scatt. lengths in o1l (~20%),

e energy scale (~10%)

e MiniBooNE result lower than Monte Carlo predictions

e More consistent with ANL result than BNL result
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2
cm)

0 _38

o(v, N = v, N7')(per CH,, 10
NN N

(9] h th N (@]

—

0.75

0.5

0.25

MiniBooNE NC1x° 6 on CH,

Resonant NC 11’ Cross Section NC Coherent Pion Production Cross Section
C 2 60
- @ »
:_ Nuance prediction E ¥ Aachen (NC), Faissner, PL 125B, 230 (1983), Al
C O 50 - O GGM (NCQ), Isiksal, PRL 52, 1096 (1984), CF,Br
- E‘A - @ MiniBooNE, J.L. Raaf, CH,
B 5 Nuance (Rein-Sehgal)
- g Lo Marteau (hep-ph/9906449)
C % 40 e Paschos (hep-ph/0309148)
3 GGM, C,H+CF,Br °
C ¥  Kelkar/Oset, PR C55, 1964-¢1997)
C MiniBooNE, J.L. Raaf, CH,
- L [P L Lol
0 1.5 2 2.5 3 3.5 4

e systematic errors:
e cross section uncertainties (~15%, 20%)
e energy scale (5%)

e MiniBooNE coherent fraction well below Rein-Sehgal and Marteau
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nt detection efficiency
as a function of Pxnt

18000

c
(NN

7500
5000

2500

Y

<« tt efficienc

0
0

SciBooNE CC-1xt measurement

- - Emitted x*]

CC-1x* signature:

2-track, both are MIP-like

Selection criteria #(CC-1mt*) | Purity | Efficiency
[events]

Generated in FV 13,892 |  -————-- 100%

CC inclusive sample 8977 | 24.1% 64.6%

(SciBar+EC+MRD)

# of tracks =2 2,705 | 32.6% 19.5%

2nd track = MIP-like 1,355 46.8% 9.8%

250 500 750 1000
Pr (MeV)

Additional vertex activity can separate

v+p2u+p+nt

from v+n-2p+n+rxt




SciBooNE CC-1xt measurement

N 5T SciBar has the ability
Ev distribution for CC-1x* s,’.. p to separate the final

Eem 7 Final state i “ v state
15 g‘ w,P,m M
/ w,N,m )
600 . riy i ‘ M
% No pion Y 0
;-‘;--'L_*.. | ‘; p 4::‘."‘
Jt”f‘., T o
i |
p
i Sensitive to the
Clear event-by-event nuclear effect
final-state tagging! Ll
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o(v+p2v+p+n?)
o 0.25
& -
©0.225 -
2 L m E.A. Hawker Gargamelle re—analysis
IO o2 L Krenz, Nuc. Phys. B135, 45 (1978) C;sHs+CF3Br
- ’ - . Aachen, Faissner, Phys. Lett. 125B, 230 (1983), Al
% 0.175 f
o
N 0.15
Poazs |
o + -
1+ 0.1 NUANCE prediction
<> -
©0.075 F \ Projected SciBar at K2K
0.05 [ ' Projected SciBar at BooNE
0.025 f— MINERvVA LE MINERvA sME
O II|\III|II\IIIII|III\|IIII|IIIIIIII|II\I|IIII

SciBooNE NC-1m° measurement

0o 1 2 3 4 5 8 7 8

9 10
E, (GeV)

10% measurement

0.3

0.2

0.1

— Backgrounds for T2K v, saarch

— SciBar at BMB
— SciBar at K2K

1 1.5 2 2.5 3 3.5 4 4.5 5

Ev (GeV)

Map out energy dependence at point where cross
section turns over, crucial for T2K NC1x° BGs %0



SciBooNE NC-1n' measurement

n0 detection efficiency

NC-1x> event display ;g 5 function of Px?

- e ., ——Emitted x° o
L s | 1+ Good efficiency for
g o S0 F ] high-momentum =°
f il i ]
* : 200 |- —
. : 1 * Reconstructed n®
i 10 F ] ~800events
> _""""'I"'IIII
&_-’ 0.8 | a o
[ ok 1 Additional vertex
;,:'; | %% . %ﬂl | activity can separate
o o4 L as B v+p2v+p+n°
(=) i ]
B o2 | . from
o b v+n2>v+n+n®
0 200 400 600 800 1000 61

Pr’ (MeV/c)



SciBooNE NC-1n? efficiency as a
function of neutrino energy

Estimated by eye-scan of event display

i
C
g 100 S 15 1 : | :
0 i 1e ]
S5 80 [ . . 1208 B
* [ 7 interaction | [ ]
60 | - o6 | -
40 | 4 o4 | % -
[ %%%—1—1 i
20 - - 0.2 —%‘{4 %—
I = -
D _I f . D i | ]
o / 3 0 1 2 3
Events with two EV (GeV) Ev (GeV)

shower-like tracks

NOTE: black histogram includes the events that

62
70 is not emitted due to nuclear effect



e Observables oc Flux(®) x o(E,) x efficiency (¢)

¢ o(E,) € E, (GeV)
K2K-ND Some Well- 13
results understood
MiniBooNE Under Under 0.7
Progress calibration
& tuning
SciBar@BN ' Well- 0.7
B understood
T2K-ND280 need some 0.7
time
MINERVA | | - TR




CC-coherent Tt measurement

¢ CC-coherent m: v+A2u+A+m

Data

CC Coherent pion
CC1n,DIS,NC

CC QE

120

e Physics motivation 8)
40\S 8.

Hll[ e

— SciBar observed no
. 0
CC-coherent it production 0O 02 04 06 0-82 112

1n the K2K beam o(CC = Coh 1)

(hep-ex/0506008) o .CC) <0.60x10™ @90%CL

— It will be a good check by using both neutrino and anti-
neutrino beam ”



CC-coherent Tt measurement (cont’d)

Rec. Q2 distribution of final sample
Neutrino Run(0.5x102°POT) Anti-neutrino Run(1.5x1020P0OT)

SOO IIIIIIIIIIIIIIIIIIIIIIIIIIII | T 300| |||||||||||||||||||||||||||| [Trrr oot
- N r
200s0 | ®y CC-QE A %% CC-QE
200 | 22 CC-1m I B CC-1m
- - |-_ —
150 - (23 CC-multim ] R CC-multim 1
w00 o 1 NC . % NG
::’4:':‘;: tod
00000- — _ ]
0% P OF ==
n 0"”””"“""”’0‘:’0’:’0’: e e L 0 Lo d o Py WII?‘WI Pl L b L
0 1 02 03 04 05 06 07 08 09 1 0 0 1 2 03 04 05 06 07 038 09 1

#(coherent

Rec. Q2 (GeV/c)2

n)~160events

Efficiency = 0.11

Purity

= 0.44

#(coherent t)~240events

Rec. Q2 (GeV/c)2

Efficiency = 0.11
Purity = 0.49

We can measure in both neutrino
and anti-neutrino beam
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SciBar Installation (1)

PR L

LR




SciBar Installation (2)

L



SciBar Installation — complete !




Calculating the BNB @,

primary p Be = " X 1nteractions:

» Sanford-Wang parameterization fit to E910 hadron production data, 6 and 12 GeV

Differentiol Cross Section vs. Proton Beom Momentum

1 o400 ;
12.3 GeV/c E910 beryllium Data B E L onkest0 0w 22057 =<
= | O GFLUKA Prediction

2 ) f=trmsd | 8=osmad | 8,=153 mmd ; S T S '{ Q
S b HH* Pt e = £ oho Fit GFLUKA predigtion| S
o W e W00 T = g / s @
- 3 ,{ s L4 [ 4 s 3 300 i (110-€TLOT SOWT) o
s 4 + 1 7 \ r 0 g =
= 1oal 44 o0 - Loy le) < / -

- [ 1 e i = 250 . !
E oL M S T b seee, | B /! =
S ] ) ) s 200 // // ~
%‘ 1|:|:| I 8.=211 mmnd " I 8 =271 mimd w I 8 =331 mimd E //f 2
,,E 1 2| 2| 150 7 A4 i
g | ."'*\ I - I [ ﬁ/ . -
N e o g ¥ Sizeof JAM error —
1|I|:: L ll:l:l:l' - lIII:I-' Es 100 O
[ e, % (I r at our Pbeam 3
2 2 2 . y o
P, Ge¥ic) C / ;

i S T R T R ¥ R TR T
P (GaV/ )

« Parametrization
» allows extrapolation from various data sets (different p, )
o allows interpolation of cross section tables between existing experimental data
» E910 publication in preparation

* HARP will nail down production at 8 GeV with small errors (use E910 fit as crosggheck)



BNB Proton Delivery

eirkly millian integrated millian
i e Number of Horn Pulses
To date: 163.05 million

148

111 T ——
Largest week: 2.46 million

Latest week: 1.03 million

Integrated E20
73 Number of Protons on Target
il 6 To date: 6.6985 E20
e - e Largest week: 0.1084 E20
e “ ’ ' 3 Latest week: 0.0391 E20
|| MR
o ulll Ll I LA I il
1§28855225532732285822353308828502533323388
CERERRRer e 8RR RNRRen T E2RRRRRERS P53 Y8E 10
wenkly Integrated
s B0 MNumber of Meutrino Events
Ll - 300 To date: 704431
el ‘ I b Largest week: 11447
S | |1 - NI i 200 Latest week: 1988
- ‘ IR ERET | H ‘ 1600
7 |l ! AL I (AR
- ES DAy - ES Ta 8 k= E5 oa =
1§28838225532383355885233238325858222533338¢8
ERt TR P S TRl S-S R R AT R - 4= 1 1

e Directorate recommends planning on 1-2E20 POT

* We assume 2E20 POT 1n a one year run
— 0.5E20 POT in v mode, 1.5E20 in v mode
— This 1s consistent with FNAL Proton Plan



d*c" s fdpdCa (mb /( GeVie sr))

HARP Beryllium Thin Target Results

300 — 300 —
A0-a0 mrad G000 mrad
00 Y Tiae o 200 .
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+ + +
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: +i | -
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Preliminary double differential swt*
production cross sections from the Be 5%
target are available

0.75<p, <5 GeV/c
30< 07c <210 mrad
-1l
o
300
< 200
©
E a0
q:l;’
Q
a 2 4 &
p, (GeV/c)

Momentum and Angular distribution of
pions decaying to neutrinos that pass
through the MB detector.
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Error Evaluation
For HARPp Al = n* X

, . Error Source O qeee 1500 | dipe (90

*Thorough systematics error evaluation Overall normalization d’fé :' ‘“fl 5 J
performed, to quantify errors on both: Momentium scale 3.6 0.3
. , , Al target statistics 3.2 0.6
< d2U' ”dpdﬂ} \p.0) Acceptance correction 2.6 0.7
- . (r.p) PID 2.5 0.5
T‘y‘plCEﬂ error: [8.7% Empty target statistics 22 0.4
. Electron PID 21 0.5
° 0"(0.75<p<6.5GeVIec,30<0<210mrad)| Momentum resolution (smearing) 1.3 16
_ : . Empty target normabzation 1.2 1.1
Error on total cross-section: E Momentum resclution (model dep. ) 1.0 11
Reconstruction efheiency 0.8 0.2
IKaon PID 0.3 0.1
Secondary mteractions 0.2 0.1
FID probability cut 0.2 0.1
Total 2.7 4.7

Dominant error contributions:
Total: 8.7% 4.7%

*Qverall normalization
sMomentum scale

sStatistics o ]
Similar systematics expected for Be
M. Sorel - Valencia University 17
NBI 2055 HARP data taken with thick targets
will measure K fluxes



Expected neutrino flux

At z=100m At ground level Same energy point
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=

Several detector
locations: A~H
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v, Disappearance with MiniBooNE

e Sensitivity curves at right:

— Case 2: 10% shape and 25%
normalization uncertainties

— Case 1: 5% shape and 10%
normalization uncertainties
e Event spectrum shape 1s most
important error source L
— Sensitivity mostly from spectral

distortion characteristic of v
oscillations (low Am?2)

-

Am™ (eV ")

e SciBar measures un-oscillated
event energy spectrum (Pxo) o }| — EB9890% C.L Sensitivity (SE20 v, case 1)
ES98 20% C.L.Sensitivity (SE20 v, case 1)
— Both detectors are carbon 3+1 Fit 90% (Cyan), 9% (Bluc) C.L. Allowed
targets (Same G) 0l 02 0.3 04 05 046 0.7 OB 09 1

— MiniBooNE flux acceptance

w/in SciBooNE flux acceptance sin"28,,
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v, Disappearance with MiniBooNE

Need to know spectrum of WS
BGs for v, disappearance

— Must extract energy spectrum of .,
v, events

MB: 15% uncertainty on WS
BG in 4 bins (0-1.5 Gev)

SB: 7.5% statistical errors in L
WS (2 track) sample in 4 bins
(0-1.5 GeV)

Shown at right is the v,
disappearance sensitivity:

—  ESFE Sasiivity (anti-v) case 1
— 1 ‘
5% ShE.lpe and 10% L. 10 == E898 Semsitivity (anti-v) case 2
normalization uncertainties

— 10% shape and 25%
normalization

-
=
|

-

Am eV ")

0L 0.2 03 04 05 006 07 05 09 1

sinllﬂu1
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Radiative Delta Decays

™ [ P L o TR cu U r
Delto Radiative Decay Events in SciBar
™
N W
O
-
m
0 -
[ =
il
e
el ) (_.-1
- 3
[
L
o
O
- iy
O
Hy
e
-
il \
ay
e b
L
!
L —_
N
L —
'\._I [
2 B
.
[} Li ] ]
vﬁ:’-\ﬂ - "_:ln""i_\ L et L i_:._\_:‘_\ L s ) 1 "_}."'li_‘\:'_"
LU i-.-“‘-J i '\-.JIIQ -t .'-z'ld fJI‘-J-:--rI | E-"\-J’D & -'\-_’-IQ Lo
'rl"" %
Liog ¢ J

76



Schedule

| Tash Mams
SCiBAR

TITLE 2 (DPESIGN)

Design
Comment and Compliance Review
Compiete Design

PROCUREMENT

Start Req/Crrculgte for Signatures
Assemble Documents

|ssue RFP

RFF Penod

|s=e NTP

TITLE 3 (CONSTRUCTION)

Ehop Drawngs

Mobilize

Excavation

Base Slab

Lower Vvall FIB/F

Lower Wall Strip Forms
Mid Wall F/asP

Mid Wall Stip Forms
Lipper Wall F/B/P

Upper Wall 5irip Forms
Linderdrains/Backfill
Faint Walls

Fabricate Roof

Install Roof

Install Electncal/Comm from MI-12
Install Door

Fabricate Platforms and Ladders
Install Platformsiadders
Electrical

Mechancial

Fire Detection
Testing/Trim Cut

il ] |

147 days
5 days
15 days
10 days
10 day's

6 days
10 days
4 days
1 day
20 days
5 days

76 days
10 days
5 days
4 days
5 days
5 days
2 days
5 days
2 days
8 days
2 days
5 days
5 days
13 days
1 day

5 days
1 day
X days
8 days
10 days
10 days
10 days
5 days

- 'Shﬂ i~ L
Man 118/06
Mon 11&/06
Mon 1116/06

Tue 2706
Tue 2/21/06

Tue 3706
Tue 37706
Tue 377706
Tue 321706
Wed 32206
Wed 41906

Wed 4/26/06
Wed 4726/08
Wed 42606
Wed 53/06
Tue S/0/0E
Tue SM6/06
Tue 5£23/06
Thu BR26/06
Thu 61706
Mon 6506
Thiu 65006
Mon 619/06
Mon 6M19/06
Wved SN 008
Thu THE06
Thu 61506
Mon 626/06
‘Wed 51 0/0&
Mon G26/06
Thu Tr6/06
Thiu TAGA06
Thu 720006
Thu 8/3/06

Znd Cuarer 3rd Cuarier [41h Quaste: 1=t Cuart
Finth | Jan Fob Mar A May | Jun | 3ol Aug | Sep | D
Waed BI9I06

Mon JIGI06 [ TITLE 2 [DESIGN)
Mon 2806

Mon 22006 Comment and Compliance Review
Mon AE06

Tue 4/25/06 PROCUREVENT
Mon 320068

Fri 31006 |
Tue 3721106
Tue 418106
Tue 472506

Wed B/9106
Tua 5906
Tus 57206
Men S/8I06
Meon S5M5106
Mon 5/22106
Wed 524106
\Wed 5121108
Fri 6/2106
Wed 614106
Fri GA606
Fri 623106 |
Fri 623106
Fri 52606
Thu 7/606
Wed 621106
Mon 6/26/106
Tue 6506
Wed 7506
Wed 71906
Wed 711906
Wed 87206
Wed B/2105

TITLE 3{CONSTRUCTI




Project Title: Project No. Status: Date:  [Revision Date:
SciBar Enclosure 6761 Prel. 6/9/09 12/2/09
Rev.1
EXTENDED
IMN OF WORK: QUANITY UNITS _ |UNITPRICE|  PRICE
01 SITE CONSTRUCTION $131,870
Mobolize | Lot 000.01 $5,000]
Soil Erosion Control Lot 000 $5,000]
[Clear and Grub 0.1 Ac. ,000.00 $550) L) [ L]
|Remove Topsoil 400 CY .00 4,800
Stone Road & Hardstand 400 cy. . 7,200
Excavate 5 CY .00 7,800
Backfil | 5 CY .00 50,400
Haul excess materials 50 CY 4.00 11,800
2' Stone Along Wall 44 CY 30.00 $4,320
Final Seeding and Grading 1 Lot 5,000.00 $5,000
Concrete $59,000;
Mud Slab 3.75] CY 200.00 $750
Base Slab 20 CY 300.00 6,000
|Lower wall at 14" 39.5 CY 500.0 750
Mid Tier Wall at 10" 36 CcY 500.0 000
Above Grade Walls 24 CcY 500.00 ,000]
|Increase for A Grade Exposed Forming 1 Lot 2,500.00 ,500
Steel $27.788]
Floor Framin 1. Ton 3,900.00 $7,020
|Grating 352 SF 26.51 $9,328|
Misc Framing Lot 2,000.0 $2,000 d 1
Roof (Hatch) Framing 2. Ton 3,900.00 $8,190 I n I reCt rates
ILadder i 2 LF 50.00 $1,250 0
Doors and Moisture proteq $9,330 CSS 1 8 - 5 /o
3' x 7' Man door 1 Ea. 700.00 $700
Metal Roofing[ 390 SF 12.00 $4 @' M SA 5 . 5 %
Semi Rigid Insul 1150 SF 3.00 $3,450
Misc Caulk and Sealants 1 Lot 500.00 500 G&A -I O O%
.
Finishes | $14,725
Painting Concrete 2350 SF 3.00 $7,050
:'ainting Steel| 1 Lot 1,800.00 $1,800
Dampprooffing 2350 SF 2.50 $5,875
Mechanical & Plumbing $15,270!
Sump Pump (Single sewage package systg 1 EA 1,000.00 $1,000
Install Sump Pump 1 Lot 206.00 $206| E D IA
Underdrain Piping 70 LF 9.00 $630
PVC Discharge 40 LF 20.24 $810
Dehumidifier | 1 EA 3,775.00 $3,775 _ 8 0 0 9 8
Condensate Drain Piping 25 LF 12.77 $319)| I n H O u Se ¥
Unit Heater 5 KW 1 Ea 550.00 $550
Duct (30x10at 18)2.71bs/sf 700 B 5.70 $2.680) A / E O
IAC unitfor Racks (basis 5 ton marvair with 1 Ea 5,000.00 $5,000
Install AC Unit 1 Lot 300.00 $300
I
Fire D i $18,000
Air Sampling Smoke Det. 1 Lot 12,750.00 $12,750| El
Fire Alarm Control Panel 1 Ea 3,500.00 $3,500 CO N St ru Ct 10N 3 8 ‘E 4 1 7
anual Pull Station 1 Ea 450.00 $450 ’
Combination Horn & Strobe 2 Ea. 650.00 $1,300
I
Electrical | $42,865)
[Trench Power & Comm from MI-12 350 LF 30.00 $10,500
" Rigid from MI-12 Comm. & Firus 350 LF 27.00 $9,450) M t R 92 3 03
" Rigid from MI-12 Power 350 LF 27.00 $9,450| g - e Se rve )
Elec Cable | 16| CLF 280.00 4,480
480V Power Disconects 2 Ea. 795.00 ,590
120/208V Panelboard (225 A i Ea 400.00 1850 S u btot al 5 5 3 8 1 8
Transformer 1 Ea. 3,645.00 ,645 )
Utility Outlets | Ea. 100.00 00
Lights 4' Fluor. Ea. 100.00 00
Exit Lights Ea. 100.00 00
Emerg.
300 Lights 2 Ea. $ 100.00 $200
Misc Conduit 1 Lot $_1,000.00 $1,000
Project No. Status: Date: Revision Date:
SciBar Enclosure 6761 Prel. 6/9/09 12/2/09
| Rev. 1
Construction Contract
Subtotal $317,848 -
e =2 Total Project $648,576
|Antici Contract Price $381,417| H
|
IT’ro'ect Overheads 7 8
EDIA @21%
Subtotal |
Contingency and Management Reserve @20%
Other Overhead (G&A)
Plant Project Total |
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